The pancreas is situated deep in the retroperitoneum and has a com- 
| MORPHOLOG IC AL CHANG E S

| General morphological changes
The pancreases of 112 autopsied adults without pancreatic diseases were weighed. Precise analysis of the data shows a significant descending trend in the quality of the pancreas from the fourth decade on. 1 With the routine use of three-dimensional computer tomography imaging to calculate the volume of the pancreas, it has been shown that in humans, pancreatic volume changes to a great degree with aging. Pancreatic volume reaches a maximal mean value of 78.85 cm 3 in the third decade of life, with a mean volume of 73.50 cm 3 for females and 84.21 cm 3 for males (P = .006). Thereafter, pancreatic volume shows a definite downward trend with aging, which at the age of 70-80 years shrinks to a mere 57.35 cm 3 (P = .003). 2 Janssen et al. have studied the texture of the pancreas by semi-quantitative ultrasound endoscopic elastography. They found that in the young and middle-aged group (i.e. age ≤ 60) and the elderly group (age > 60), the average strain values of the pancreases were 110.2 and 80.0, respectively (the values being inversely proportional to the hardness of the pancreas), indicating that the pancreas hardens in the elderly. 3 Sato et al. used MRI to measure the anteroposterior diameters of the pancreatic head, body and tail of 115 subjects and showed that the pancreatic head, body and tail diameters of the four groups (aged 20-39, 40-59, 60-79 and ≥80 years) were reduced successively (P < .05). The pancreatic tail showed the most significant reduction. The mean anteroposterior diameters of the four groups were 18.56, 16.83, 15.26 and 12.04 mm, respectively. 4 Results from endoscopic retrograde cholangiopancreatography (ERCP) showed that, in the two groups of people aged <40 and ≥40, the mean diameter of the main pancreatic duct of the pancreatic head was 2.97 and 3.78 mm, respectively, while the mean diameter of the main pancreatic duct in the body of the pancreas in those two groups was 2.36 and 2.86 mm, respectively, indicating significant broadening of the main pancreatic duct in both the pancreatic head and body in the elderly. However, in the elderly, the length of the main pancreatic duct was found to be similar to that of younger persons. 5 Hastier et al. 6 also used ERCP to measure the dimensions of the pancreatic duct and found that the diameter of the pancreatic duct increased with age. Glaser et al. 7 analyzed the results of pancreatic duct diameters, as measured by ultrasound, of 101 subjects aged 18-91 years who had no pancreatic disease. The mean diameter of the pancreatic duct of all these 101 subjects was 1.9 mm and, further broken down into age groupings, was 1.5, 1.9 and 2.3 mm for the 18-29, 40-49 and ≥80 year-old groups, respectively. As the maximum diameter of the pancreatic duct was less than 3 mm in all cases, the author surmised that if the pancreatic duct diameter is more than 3 mm, under no circumstances should pancreatic diseases be excluded in the elderly.
To sum up, the general morphological changes taking place during aging of the pancreas include: loss of mass, reduction of volume, hardening of texture, and dilatation of the pancreatic duct. aging, and found that the probability of pancreatic fibrosis in groups <60 years old and ≥60 years old was 10.3% and 62.0%, respectively, and that focal fibrosis mainly occurred in the peripheral pancreatic lobes, involving acinar tissue, small ducts and islets, and was frequently surrounded by lymphocytes. In addition, fibrosis-related ductal papillary hyperplasia could be found in individuals over 60 years old. 9 As a recent study has demonstrated, the attributes of an aging pancreas include: disordered arrangement of acinar epithelial basement membrane, increased fibrous tissue in the islets, disorganized structure and scattered arrangement of islets, papillary hyperplasia of duct epithelium, and gradual accumulation of lipid droplets in the matrix of the duct epithelial cells. 10 The have the ability to produce enough insulin to maintain normal blood glucose. 11 Saisho et al. 12 have studied the relationship between islet beta cells and aging in non-diabetic human patients, and found that, with senescence, the size or area of beta cells significantly increased (P ≤ .01), and that the diameter of the beta cell nucleus significantly increased (P ≤ .0001), but that the number of beta cells remained unchanged (P = .9).
| Microstructural changes
While the results of animal and human studies are not completely in agreement, the general conclusion is that while the number of islets and beta cells remains unchanged or increases with age, the area of islets and beta cells definitely increases. This may be a degenerative-compensatory phenomenon in the aging process.
| Ultrastructure changes
In rats, with the increase in age in months, the pancreas undergoes believe may lead to decreased insulin secretion. 13 However, the ultrastructure of islet α cells do not change significantly with age. 14 In another study, autophagy was found in islet cells of rats at 24 months old, since autophagosomes were observed. We believe that the appearance of autophagosomes is correlated with the degeneration of pancreatic endocrine function to some extent. 15 
| ENDO CRINE FUN C TI ON
A study showed that the blood glucose peak and two hours postprandial blood glucose of rats increased gradually with the increase in age, accompanied by an obvious delayed insulin secretion peak.
In vitro experiments using cells separated from rat islets found that both GSIR (glucose-stimulated insulin release) and PSIR (palmitic acid-stimulated insulin release) reduced with senescence. 16 A Chinese study has suggested that both the basic secretion function of beta cells in rat islets and the secretion function after glucose stimulation decreases with age, accompanied by decrease of the insulin secretion peak and a gradually delayed peaking time, manifesting as obvious impaired glucose tolerance. 17 results of which showed that 11.5% of the subjects had pancreatic exocrine insufficiency (EPI), that is, FE-1 < 200 μg/g, and that 5.1% had serious pancreatic exocrine insufficiency (SEPI), with FE-1 < 100 μg/g.
The incidence of EPI was 6.0%, 8.7%, 12.6%, 15.5%, and 13.4%
(P = .005) in the groups aged 50-54, 55-59, 60-64, 65-69, and 70-75, respectively. The incidence of SEPI was 3.0%, 4.7%, 5.0%, 7.2%, and 5.6%, respectively (P = .12). This indicates that the incidence of EPI and SEPI increases significantly with age. 23 Another study measured the level of FE-1 in 1105 patients without pancreatic disease but with symptoms of dyspepsia; the results showed that the level of FE-1 was less than 200 μg/g in 10% of the elderly aged >70 years old, and <100 μg/g in 5% of those aged >70 years. 24 Other reports have shown the incidence of EPI in the elderly to be as high as 21.6%. 25 Torigoe et al. 26 29 These studies all suggested that pancreatic reserve exocrine function was also significantly reduced in the elderly.
| CON CLUS ION
Recent studies have proved that aging is accompanied by a degeneration, to a variable degree, in pancreatic structure (i.e. volume, weight, shape, microstructure and ultrastructure), as well as in both endocrine and exocrine function, and that this is one of the reasons for the growing morbidity of pancreatic diseases and conditions such as dyspepsia and diabetes mellitus. This finding also provides a theoretical basis for the clinical application of pancreatin in the treatment of dyspepsia in the elderly. 30 It needs to be kept in mind that, although the aging pancreas still possesses an effective compensatory capacity that prevents the elderly from suffering from pancreatic insufficiency to some degree, it is a fragile balance, one that is influenced by the internal and external metabolic environment of the body, which may tend to result in pancreatic diseases as the body ages. Further studies on the mechanism of pancreatic aging and targeted interventions to prevent the elderly from suffering pancreatic diseases or pancreasrelated diseases will be needed in the future. Age-related changes in pancreas are illustrated in Table 1 .
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